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CHLORCHYDRINS AND OXIDES OF THE ISCMERIC 2-BUTENES

INTRODUCTION

The importance of comnecting chemical ectivity and physical
properties with the configuration of organic molecules should not bé
underestimated, The study of the isomefic butenes should be especially
illuminating, In these rather simple compounds and the compounds de-
rived from them, we have all of the types of isomerism that are shown
by the more complicated molecules, The object of this resezrch is to
obtain, from a mixture of cis~ and trans-2-butene, the pure isomeric
forms by conversion to suitable derivetives which will allow a separation
to be made, either through distillation or crystallization methods, It
is also desirable to establish the configuretional relationships of the
butenes and the related compounds, This researéh would have additional
value if it were done by a method that would be applicable to the
2-pentenes, The preparation of isomeric 2-butenes has previously been
‘accomplished byWislicenus, Talbot, Henze and Schmidtl and by Young,
Dillen and Lucas(z),

The genersl plan of atteck (fig, 1) was to prepare the mixed
2-butenes from n-butyl alcohol with sulfuric acid, Hypochlorous acid
was to be added to thé double bond to prepare the chlorohydrins, Then
by the use of potassium hydroxide, HCl can be pulled out leaving the
butene oxides, The oxides were to be subjected to fractional distille-
tion until they were nearly pure, Then each oxide would be separately
added to a suitable anhydride, The anhydride would be so chosen that
the resulting di-esters of butene glycol would be solids, These solids

would be carefully purified by recrystallization, This would constitute
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the separation into the meso- and racemic isomers; each of these must
then be separately converted back to the corresponding butene, This
would be done by first'saponifying the esters with sodium hydroxide
solution to obtain the glycol; the glycol would be héated with concen=
trated hydrobromic acid solution, The dibromide obtained from this

procedure would then be reduced with zinc to give the pure butene,

PREPARATION OF CHLORCHYDRIN

In order to obtain any amount of pure butene, it would be
necessary to prepare rather large emounts of butene chlorohydrin;
These would be rather large losses in the purification and in the
rether doubtful yields of the numerous steps in the chain, |

fourneeu and Puyals prepared the chlorchydrin from butene
by the use of calcium hypochlorite and boric acid, They found that
the reaction was slow, Last year Mr.'W.F.Eberé found thaﬁ_only smail
yields were obtained by passing butene gas into the hypochlorous acid
solution, I found that by working with the liguid below the boiling
point, yields of better theam 50% could be obtained, Only.the method.
that was found to give the best yields will be deseribed, (This pro-
cedure was largely worked out last year as an undergraduate research
problem, )

Mixed 2-butene was prepared from commercial 99% butanol
and sulfuric acid by the method of Young and Lucas.4 The method of
purification was slightly different from theirs, The gas was passed
in succession through a reflux condenser, a spiral wash bottle containe
ing 3-normal sodium hydroxide, two spiral wash bottles containing 40%

(by volume) sulfuriec escid, and e drying tower packed first with soda-
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lime and then calcium chloride, The gas was then trapped in an ice-
hydrochloric acid bath,

The chlorohydrin was prepared in a two=liter three-neck
flask, The center neck was provided with a mercury seal stirrer, One
of the side necks was used to meke comnections with a reflux condenser
containing alcohol and solid carbon dioxide, The addition of materials
could be effected through the other neck, The flask was cooled with an
ice-salt bath, Approximabtely 400-500 cc, of water was added to the flask
(just sufficient water to form en easily stirred suspension with the |
calcium hypochiorite). After the water had cooled, the calculated smount
of calcium hypochlorite (H T H 65% available chlorine - 65% Ca(Cl0), and
35% NeCl) was added with stirring, It is rather importent thet the
stirring does not stop after the hypochlorite is added because it settles
out in a lumpy mass, While the material was cooling down to about =10
to =15°, the reflux condenser was put in place; Then the weighed butene
in an ampoule was either boiled or poured through a rubber tube into
the reaction flask, After adding the butene & dropping funnel was pro=-
vided in place of the entrance tube, Glacial acetic acid was added slowly
to the mixture until all of the hypochlorite wes used up, For example,
using 150 grams of butene and the calculated equivalent emount of hypoe
chlorite 3 or 4 hours were necessary foriadding the acid, (Some experi-
ment with_a'modified procedure were carried out in a tin can, With the
better heat transfer the addition of the acid took only e half an hour,
The yields were not quite as good,) The emulsion thet was usually formed
wes broken dp by adding an excess of concentrated nitric acid, The
orgenic phase was removed with the use of a large separsatory funnel, The

water:phase was extracted with 3 or 4 100-ce, portions of isopropyl ether,
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The organic phase was added to the ether extract and the two were
neutralized with potassium carbonate and dried with calcium chloride,
Most of the ether was distilled off at atmospheric pressure through
a four-foot Hempel column, fixed so that a vacuum could be used later,
(It would not be necessary to use a column this high for this distil-
letion,) The pressure was gradually reduced as the remaining ether
and butene dichloride was removed, The product was finally distilled
at 30 mm, pressure, The fraction boiling between 50 and 60° was taken,
It was necessary to maintein the pressure at this low value because of
e high boiling residue of undetermined composition, which raised the
boiling point, causing decomposition at higher pressures,

The adventages of the method ere that butene is always in
excess, the oxidizing action of the hypochlorous acid is reduced to a
minimum by using a weak acid, and less free chlorine is produced, By
using the liquid butene mechanicel losses are practically removed, In
some cases yields of 55 to 60% were obtained, A disadventage is that
for a good yield it is only convenient to prepare 150 gms, in a batch,
One day is usuelly required to produce the butene, Anobther day is
necessary to prepare the chlorohydrin and dry it, And part of a third
day is required for the distillation, As it was necessary to prepare a
large emount of chlorohydrin, this procedure soon became very tedious,

Frectionation of the Isomeric Chlorchydrins of 2-Butene: A

portion of the chlorchydrins were subjected to five vacuum fractional
distillations (30 mm,), A four=foot Hempel column with a reflux con=
denser was used, A received was employed thet permitted the taking of

different fractions without interrupting the distillation, Fractions
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were taken at approximately every half degree, The distilling flask was
provided with a separatory funnel for introducing new fractions at the
eppropriate time, Diphenyl ether was added at the last of the distillation
to serve as a still base for driving over the higher boiling fractions,

The results of the first and fifth distillations are shown in fig, 2,

TABLE I, Properties of Chlorohydrin Fractions

1 2 Beilstein
o °
BBy s 53,0-53, 3 57,0=57,4
Weight 65,8 gm, 86,0 gnm,
Sp-gr.%-a- 1,0677 1,0685 1,105
Refreacti °
iy ;30 | 1, 4421 1, 4388 1, 44376

The densities were determined in a 5-gm, piknometer, The

refractive indices were determined in an Abbe refractometer,



[
il
/
/
: Dikstillation of /
60 ,
Cb/orob]dr/n frg- . bé
at 30 mm, /
A
i A
557
/ﬁr
: 2 — — /st Drsti/lation
/ gt 7
|
|
50° —e ‘ 1
/00 ‘9 2009. » 300‘7,
60° g
0/.5)‘///67‘/077 af
Oxide f/g.3.
550 ‘49—/@// &
50°

200 g. 7009

5009,,



DISCUSSION

It was thought that this would perheps be a good place to
carry out a rough separetion, The fact that a constant low pressure
is required, together with the fact that there are large losses from
decomposition and mechanical loss (only .267 gms, were recovered from
424 gms, = 63%), indicates that the separation could be carried out
better at the oxide stage,

Relative Hydrolysis Rates of the Isomeric Chlorohydrins,

It was important to know the order of magnitude of the

rate of the reaction:

CHg CHg
CHOH CHOH
icy t HeO —— oy + HCL
CH,g | CHg

If the rate of this reaction is large then quite probebly large amounts
of the chlorohydrin produced would be hydrolysed in the process of pre-
paration, Some of the chlorohydrin was weighed out into a volumetriec
flask and diluted with water, The hydrochloric acid formed by the hydrol-
ysis was titrated from time to time with standard Sodium hydroxide solu=
.tion. It was found that the reaction was very slow at room temperature,
A week was necessary for a few tenths of a cubic centimeter change in
the 0,1 nommel sodium hydroxide required, This would indicate that if
_the hydrolysis took place, it would be during the distillation before
the water had been entirely removed as e constant boiiing mixture with
isopropyl ether, Preliminary experiments were made to show that the
order of the reaction was that indicated by the equation, It was also
found that in basic solution the hydrolysis rate is very fast, If the

end point was determined and then a few cubic centimeters of base was
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added, the back titration with stendard acid wes markedly different
from the original valve, This indicates that the end point must not
be over run, This and the fact that the color change of the indicator
in the chlorohydrin solution is not sharp makes it extremely difficult
to obtain accurate data,

The determination of the hydrolysis rate was made at 75°, The
§hlorodydrin was weighed out in a weight pipet and diluted with water in
a volumetric flask to approximetely 0,1 normal, 20 cec, of this solution
was pipeted into a number of thin walled test tubes, The test tubes were
sealed and placed in a thermostat at 75°, From time to time a test tube
was broken in e beaker of water and the extent of the hydrolysis deter-
mined,

The rate constant was determined from the following equations:

A + H 0 = B + HC1

- Eiﬁl = k(4)
dt

in (4,) = Xkt
(A)

Time was recorded in hours, concentration in mols per liter,




Time
hours

12
13
22,6
23
31
32,5
46,6
47

102

10,
TABLE II, Hydrolysis of Chlorohydrin

Reaction Rate Constant

High boiling Low boiling
0,0555 0,0584
= 0, 0930
| 0,0568 -
0,0568 e
- 0,0956
o 0, 0803
0,0545 -
0,0506 : -
- 0,0892
- 0, 0800
0, 0490 -
0, 0480 -
- . 0,0710

- 0, 0435



X1,

The fact that the constant falls off as the reaction proceeds
indicates that the samples are impure, The material with the higher rate
is hydrolysed fifst leaving the slower reacting material, The fact that
the constents are small indicates that the hydrolysis during the prepara-
tion of the chlorohydfin is very small, The fact that the rates are ap-
preciably different for the two isomers may be of interest in determin-

ing the configurations,

Preparation of 2-Butene Oxide,

Butene oxide was prepared by Fourneau and Puyal’»,3 by dropping
butene chlorchydrin on solid sodium hydroxide, Kraéhski5 found that it
cen be prepared either by the action of aqueous potassium hydroxide or
lead oxide and water on butene chlorohydrin at room temperature, Neither
one Qf these methods appears to be very satisfactory for meking large
quantities of butene oxide, With solid sodium hydroxide the surface
would soon be covered over with sodium chloride, The reaction at room
tempereture would be too slow,

The method used was to drop the chlorohydrin on to hot cone
centrated potassium hydroxide solution, The apparatus consisted of a
two-liter three-neck flask provided with a mercury sealed stirrer, a
dropping tube, a thermometer, and a short tube leading to a condenser,
Several times the calculated quentity of 7% potassium hydroxide solu=~
tion was used, the chlorchydrin was slowly dropped in and the product

distilled out through the condenser cooled by ice water,
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TABLE III,

Chlorohydrin

o

1 20-30" 10

2 500
3 . 500
4 1000
5 1000
8 . 2000
7 J

108

75

327

409

853

a’Prel:'mxineury experiment in small flask

Temp,
(]

c

90

85

70

90

90

90

Time
hrs

1/4

Preparation of Z2-Butene Oxides

e

51

34

202

246

497

Yield

12,

45
71
68
93

91

88
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Fractionation of Butene Oxides,

The butene oxides were fractionated through a four=foot
Hempel column with a reflux condenser, Fractions were taken at every
half degree, The reflux ratio was always greater than ten to one, The
distilling flask was provided with a separatory funnel by which fractions
could be edded at the proper time, Brombenzene was used as a still base
for driving over the highest fractions, The oxides were fractionated six
times, The resultsof the sixth distillation are shown in fig, 3, 658 gnms,

were recovered from the 870 gm, of starting material = 76%.

Table IV, Properties of Oxides,

i1l 2 Beilstein
Boiling point,g, 53, 5=-54,0°C 59, 5=60,0°C 56°
Weight 264 gn, 87 gm,
Sp.gr. 20°/20° 0,8063 0,8267

20

Refractive index n 1,.3739 1,3819
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Reaction of Butene Oxide with Celcium Chloride,

After the fifth distillation a small amount of caleiunm
chloride was added to each fraction to remove any water that had been
picked up, In all of the fractions of higher boiling point than the
center one, a reaction was observed, The calcium chloride especially
in the highest boiling fraction became powdery, The powder was separated
and the oxide was ellowed to evaporate, Then water was added and an oil
was formed, Not enough of the oil was produced to be identified, It
. apparently boiled above 160° with decomposition, It is quite possible
that it is butene glycol (b.,p, = 180), This seems very interesting st
that one isomer should react and the other should not, It might be that
this would be a method for separating one isomer into the pure oxide and
the other into the pure glycol, I did not investigate this further be=
cause the isomer that reacts with calcium chloride is the one that I have
the least of, It would be interesting to investigate the nature of the

compound formed and the product that results when water is added,

Preparation of p-Brombenzoic Acid and Anhydride,

One of the dibenzoates of butene glycol is reported in the
1iterature6 as a solid; the other as a liquid, The 3,5=-dinitrobenzoic
anhydride would probably give esters with suitable melting points, There
is, however, the possibility that in the alkaline solution used for
saponifying the esters the nitro group would oxidize the glycol produced,
By noting how the melting point is raised or lowered as bromine is sub=-
stituted in the various positions in the benzene ring in otﬁer esters it
was concluded that the para-brombenzoic anhydride would be satisfactory,
The usual method (deseribed in Beilstein) for making p~brombenzoic acid

is to oxidize p-bromtoluene with dichromate in aecid solution, Beilstein,
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however, does not state how this particular bromtoluene was prepared,
Zastmen's give the price of p-bromtoluene as $4 per 100 grams, Since
several mols of acid were needed, this would be a rather expensive
source, Professor Lucas thought that a method had been described in

the literature for preparing para~brombenzoic acid directly by brominat-
ing sodium benzoate, %his method could not be located ,so some experi-
ments were attempted,

The best results were obtained by prepering the sodium salt
from benzoic acid and sodium cerbonate, adding epproximately sn equi-
valent quentity of sodium acetate, to use up some of the HBr formed in
the reaction, and evaporating to a pasty mass, <Ihen the calculated
quantity of bromine was edded and the flask was sealed and heated on a
water bath at 80—90°.for eight to ten hours, After the reaction mixture
had cooled, it was opened and was found to contein considerable gas,
Water was added and the product was filtered off without acidifying.

It was nécessary to recrystallize the product several times to get a

good melting point, It was thought that the isomers could be separated
by buffering the solution at the appropriate hydrogen ion concentration,
The p=brombenzoic acid has the smallest ionization constant and the least
solubility of all the isomers, A lot of time was spent in this way, but
it seems to be impossible to effect a separation, Apparently equilibrium
is not attained, Different conditions were also attempted for the
bromination, The best yield obtained was about 10%, Several flasks

blew up in the bromination process, lhe method seems very unssbtisfactory,

It was apparent that it would be necessary to resort to the
oxidation of p=bromtoluene, Because the price of this material is so

high, it was thought that it could be prepared from p=toluidine through
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the diazo reaction, This however proved to be unnecessary, On 1ooking
up the original method’ of preperation described in Beilstein, it was
found that the ecrude ortho-para mixture resulting from the bromination
of toluene can be oxidized with chromic acid %o yield the pure para-brom-
benzoic acid, This method of preparation is very interesting and very
satisfactbry. It is not necessary to recrystallize the product
(m,p, = 250-252), The yield of pure p-brombenzoic acid obtained from
toluene and bromine was 34%, and some toluene was recovered,

The method of Hurd and Dull® for preparing enhydrides was
tried, The reactions involved in this method are:

p=BrCgHCO0H + CHp=0=0 ——= p=BrCg4H,CO0COCH4

2 p-BrC 4000000t s 2225 (p-BrgH,00)50 + (CHzC0)20
The difficulty arose that p-brombenzoic argcidic is so slightly soluble
in the common solvents that the reaction with the ketene is not very good,
Dioxang and acetone are about equally effective as solvents; however,
acetone proved to be the best, The reaction wes tried at 0°, at room
tenmperature, and at the boiling point of acetone; it is very slow under
all of these conditions, 1t was not necessary to distill the product
‘(it disproportionates into the simple anhydrides in the boiling acetone),
Distillation seems undesirable with this anhydride because of the high
melting point (218-220°). This method of preparation is not very satis-
factory,

The acid chloride was prepared by heating the acid with
thionyl chloride, The amhydride was prepared from the acid chloride
and the sodium salt by the method of Jackson and Roli‘e.7 The reactions
involved are:

 p=BrCgH,CO0H + SOClg -———>:p-Br06H4COCl + S0g + HC1

p=BrCgi,C0CL + p-BrCgi,CO0Na — (p=BrCgH,C0)z0 + NaCl
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It is questionable which of these methods of preparation is better;
perhaps both of them can be improved, The procedure through the acid
chloride seems to be more satisfactory,

Preliminary experiments concerning the addition of the an-
hydride to‘the butene oxide have been unsuccessful, In the case of the
highef boiling oxide there appears to be a reaction with the formation

of an ester; the product has not been isolated yet,

I wish to acknowledge the kind help and suggestions of
Professor H,J,Lucas, who suggested this problem, and I should like

to continue working on it under his direction,
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SUMMARY

1., A method is given for the preparation of 2-butene chloro=~
hydrin by the addition of acetic acid to a mixture of calcium hypo-

chlorite and butene at -10°C,

2., A convenient method is given for the preparation of large
amounts of butene oxide by dropping butene chlorohydrin on hot concen-

trated potassium hydroxide solution,

3., The fractional distillation of the isomerie chlorohydrins

of the 2-butenes is described,

4, The ffactional distillation of the isomeric 2~butene oxides

is deécribed.

5, The physical properties of the fractions of 2-butene chloro-

hydrin and of the fractions of 2-butene oxide are given,

6, The approximate values are given for the hydrolysis rate of

the two fractions of 2-butene chlorohydrin,



19,

LITERATURE REFERENCES

Wislicenus, Talbot, Henze and Schmidt, Ann,, 313, 207 (1909),
Young, Dillon end Lucas, J,Am,Chem,Soc,, 51, 2528 (1929),
Pourneau and Puyal, Bull,Soc,Chim,, 31, 424 (1922),

Young and Lucas, J,4m,Chen,Soc,, 52, 1964 (1930),

Krassuski, Chem,Zent,, 1902 II, 19,

Ciemician and Silber, Ber,, 44, 1280 (1911),

Jackson and Rolfe, Am,Chem,J,, 9, 84 (1887),

Hurd and Dull, J,Am,Chem,Soc,, 54, 3427 (1932),



